Three candidates for the soybean pod borer's sex pheromone, dodec-10-en-1-yl acetate (E:Z = 95:5) (9a), (E, E)-dodeca-8, 10-dien-1-yl acetate (9b) and (E)-dodec-8-en-1-yl acetate (9c), were synthesized through the coupling reaction between Grignard reagents and acetates catalyzed by Li 2 CuCl 4 . Furthermore, the compounds 9a, 9b, and 9c, when tested in the field, showed that dodec-10-en-1-yl acetate (E:Z = 95:5) (9a) has promise as a lure for male soybean pod borer.
The soybean pod borer [Leguminivora glycinivorella (Matsumura) Lepidoptera, Olethreutidae] is considered to be one of the most destructive pests to leguminous plant in northern China. If left uncontrolled, these pests can reduce yield of beans by 30-60% [1] . They cannot be controlled effectively by traditional insecticides because of the larvae parasitized in the pod of the host. So, an effective control method for this pest needs to be developed, such as using sex pheromone to disrupt its mating process. Such a method needs not only to be effective in controlling this pest, but also environmentally-friendly. There have been several reports about the sex pheromone components of soybean pod borer. The main components were first identified as (E)-dodec-8-en-1-yl acetate (9c), (E, E)dodeca-8, 10-dien-1-yl acetate (9b) and dodecyl acetate by Wakamura [2] . Xu et al. reported that (Z)-dodec-10-en-1yl acetate (geometrical isomer of 9a), (E, E)-dodeca-8, 10dien-1-yl acetate (9b) and dodecyl acetate were present in female gland extracts [3] . Wang et al. reported the attractiveness of compounds 9a, 9b and 9c and many analogues with EAG. They proved that the sex pheromone of soybean pod borer was a mixture of (E)-dodec-10-en-1yl acetate (9a), (E, E)-dodeca-8, 10-dien-1-yl acetate (9b), and trace amounts of (E, Z)-dodeca-7, 9-dien-1-yl acetate [4] .
Several synthetic methods for these compounds have been reported using either Wittig or acetylenic coupling reaction routes [5] [6] [7] [8] . However, both approaches used inconvenient methods, such as gas chromatography or silver nitrate column chromatography to acquire pure geometrical isomers. In recent years, these kinds of sex pheromones were also synthesized by the Suzuki-Miyaura crosscoupling reaction, but with costly palladium complex as catalyst [9, 10] . Herein, we report a facile, cheap synthetic approach for these pheromone components based on the Li 2 CuCl 4 catalytic cross coupling reaction [11] [12] [13] [14] . In this synthesis, we avoided the complicated geometrical isomer separation by using the commercially available substituted allylic alcohol with the same stereochemistry as the starting materials. As a result, dodec-10-en-1-yl acetate (E:Z = 95:5) (9a), (E, E)-dodeca-8, 10-dien-1-yl acetate (9b), and (E)-dodec-8-en-1-yl acetate (9c) were obtained in good yields from crotyl alcohol (E:Z = 95:5)(5a), (E, E)-hexa-2, 4-dien-1-ol (5b) and (E)-hex-2-en-1-ol (5c) as starting materials, in 56%, 52%, and 53% total yields, respectively. Moreover, the attractiveness of these synthetic compounds to male soybean pod borer was investigated under field conditions.
As showed in scheme 1, the first reaction step involves α, ω-diol (1a-1b) through selective bromination to afford ωbromoalkan-1-ols of 2a-2b by Kang's procedure [15] . Following this, 2a-2b and 3, 4-dihydro-2H-pyran in acidic conditions form ethers 3a-3b that reacts with Mg to form the Grignard reagents 4a-4b. Then 4a-4b and acetates 6a-6c, which were prepared from the corresponding alcohols 5a-5c using a conventional method, undergo a cross-coupling reaction in the presence of Li 2 CuCl 4 to give 7a-7c. Finally, target molecules 9a-9c were obtained by esterification of alcohols 8a-8c, which were deprotected from tetrahydropyranyl ethers of 7a-7c. In the crosscoupling reaction step of 6a-6c and 4a-4b, only S N 2 products were observed. During the experimental procedure, we found that the yield of product (9a) was low because of the high volatility of crotyl alcohol acetate (6a). If 4-methylbenzenesulfonate were introduced, the total yield was improved from 37% to 56%. The E/Z isomers of compound 9a were 95:5, which were consistent with the starting material, crotyl alcohol (5a).
The attractiveness of the synthetic compounds to male soybean pod borer was tested in the field. As shown in Table 1 , the number caught by traps baited with 100 μg 9a accounted for 93.5% of the total, which is significantly higher than 9b (4.3%) and 9c (1.8%) at the same dose. That compound 9a was more attractive to males of soybean pod borer than 9b and 9c strongly suggest that 9a may be developed either as a potential pesticide or as a filling substance for monitoring the trapping of the soybean pod borer.
Experimental
All anhydrous solvents and reagents were prepared from reagent grade materials using conventional methods. The reactions with air and moisture sensitive materials were carried out in flame dried glassware under nitrogen. Air and water sensitive solutions were transferred using hypodermic syringes. The 1 H NMR and 13 [11, [16] [17] [18] [19] ].
2-(8-Bromooctyloxy)
tetrahydro-2H-pyran (3a): Compound 2a was prepared from 1a by the procedure of Kang [15] and purified by CC on silica gel (light petroleum: ethyl acetate: 8:1) to yield 89%. 2a (10.5 g, 0.05 mol) and p-TsOH 0.3 g were added to a solution of freshly distilled 3,4-dihydro-2H-pyran (5.71 mL, 5.25 g, 0.0625 mol) in dichloromethane (10 mL) at 0°C. After addition, the mixture was stirred for 5 h at room temperature. Then the solution was diluted with an equal volume of diethylether, washed with water, 5% Na 2 CO 3 solution and saturated brine, and dried with anhydrous Crotyl alcohol acetate (6a): Compound 5a (3.60 g, 0.05 mol), 10 mL dry pyridine and 40 mL dry diethylether were stirred vigorously. A solution of acetic anhydride (6.38 g, 0.0625 mol) in 5 mL dry pyridine was added drop wise to the solution over 10 min, and stirring was continued for 24 h at room temperature. The mixture was poured into water and extracted with diethyl ether (3×50 mL). The organic extracts were washed, dried, and concentrated as usual. Preparation of sex pheromone of soybean pod borer Natural Product Communications Vol. 6 (9) 2011 1325
The crude product was chromatographed on a silica gel column (n-hexane: diethylether, 9:1) to yield 6a (3.42 g, 60%) as a colorless oil. 1 H NMR: δ 5.7-5.6 (m, 2H), 4.5 (d, J = 6.8 Hz, 2H), 2.2 (s, 3H), 2.1-2.0 (m, 3H).
Compounds 6b and 6c were obtained with the same method in 89% and 88% yield, respectively. 6b: 1 
2-(Dodec-10-enyloxy) tetrahydro-2H-pyran (7a): Method A:
A mixture of compound 6a (2.85 g, 0.025 mol) and a solution of Li 2 CuCl 4 0.17g in 10 mL THF was cooled to -10°C and stirred under N 2 . The Grignard reagent 4a, prepared as above, was added to the mixture during 20 min, and stirring was continued for 3h at -10°C. The reaction was quenched with NH 4 Cl solution and extracted with diethylether (3×50 mL). The organic layer was washed, dried, and concentrated as usual, to yield crude 7a (4.96 g, 75%) as an oily residue. The product was used in the next step without purification.
Method B: 7a was prepared from 6d and 4a through a similar procedure as that above. 7b: The method was identical to that described for the preparation of 7a: from 3.50 g (0.025 mol) of 6b, a solution of the Grignard reagent obtained from 7.92 g (0.03 mol) of 3b, 0.96 g (0.04 mol) of magnesium turnings in 40 mL of absolute THF), and Li 2 CuCl 4 in THF we obtained 4.80 g (72%) of 7b. 4 .96 g (75%) of 7c was obtained from 6c and 4b using the same method.
Dodec-10-en-1-ol (8a):
A mixture of 7a (4.96 g, 0.0185 mol), 60 mL methanol, 6 mL water and p-TsOH (0.3 g) was stirred for 3 h at 60°C. The mixture was concentrated and the residue dissolved in diethylether. This solution was washed, dried, and concentrated as usual. The crude product was chromatographed on a silica gel column (light petroleum: ethyl acetate, 8:1) to yield 8a (3.09 g, 91%) as a colorless oil. The ratio of E, Z isomer was detected by GC. 1 Dodec-10-en-1-yl acetate (9a): The method was similar to that described for 6a. Compound 8a (2.77 g, 0.015 mol) and acetic anhydride (2.05 g, 0.02 mol) were dissolved in 15 mL dry diethylether and 4 mL dry pyridine, and the mixture was stirred for 24 h at room temperature to give the crude product, which was purified as 8a to yield 9a (3.05 g, 90% yield). 1 H NMR: δ 5.5-5.4 (m, 2H), 4.0 (t, J = 6.8 Hz, 2H), 2. Field tests: These were conducted in a soybean field at the experimental plot of Heilongjiang academy of agricultural sciences, northeast Heilongjiang Province, China from August 8-15, 2010, which is the adult nuptial flight period of the soybean pod borer. Lure: The synthetic compounds were dissolved in dichloromethane and injected into blue rubber septa at a dose 100 μg/septum, after the solvent had evaporated. 2×100 μL of dichloromethane were added to each septum to help the chemical permeate into it. Trap: water basin traps were used. Each trap was made from a plastic pot (25 cm diam. 10 cm depth) 3/4 filled with water and a lure. The latter was fastened with a piece of wire and placed in the middle of the basin 1 cm above the water surface. All traps were placed on a tripod about 1.5 m from the ground. Three kinds of self-made lures and a blank control were tested in a completely randomized block design with 3 replicates. The trap positions were rotated and removed daily to minimize position effect. The number of male moths attracted was recorded every day, and each experiment was run for 8 successive days.
